THE BEHAVIOR of the pulmionary vascular bed in congenital heart disease is a topic of major current initerest.1 3 The control of normal pulmoiary vessels remainis a matter for debate, in part because of difficulty in measurements and in the interpretation of the smnall differences in pressure across the normal pulmoniary vascular bed. Inl the presence of pulmioniary hypertenision, however, the responses of the pulmoniary vessels nmay be assessed with greater eertainty, since sizable pressure gradients frequenitly exist.
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Although a pulmonary arterial systolic pressure in excess of 30 iimm. Hg is outside the norinal range in this laboratory, the categorization of all patients with septal defects and pressures above this level as havinig pulmonary hypertension is of questionable value. Accordingly, we have adopted a pullnonlarv arterial systolic pressure of 60 mm. Hg as the most suitable compromise above which patients may be said to have significant pulmonary hypertension. Such a division serves to separate most patients with congenital heart disease in whom increased pulmonary arterial pressure contributes significantly to the totai problem from those in whom it does not. Classificationi on the basis of pulinonary vaseular resistance reimains the most important conceptual differentiation but suffers from the use of values that are indirect and open to far greater error than is the simple measurement of pulmonary arterial pressure.
In atrial septal defects associated with pulmonary hypertension as just defined, the pulmonary vascular resistanee usually is in- Health Service. 938 creased. That this results in part from vasoconstriction miiay be concluded from the response to the inhalation of 100 per cent oxygen4 and the infusion of acetylcholine5 when both pressure and flow are measured. The stimulus for this vasoconistriction is not knowni, but the level of pressure within the pulmolnary artery may be a factor in determining the level of vascular tone,' as it is for the systemic circulation. 6' 7 A group of 11 patienits with atrial septal defects and pulmaonary arterial systolic pressure in excess of 60 mmn. Hg was studied hemodynamnically before and after closure of the defects. The data were reviewed with the priimary purpose of determining whether the changes in pulmonary arterial pressure could be related to changes in pulmonary vaseular resistance. This study also afforded an appraisal of the physiologic response to surgical closure of intra-atrial defeets in patients with complicating pulimionary hypertension. Such patients present a special problem in selection for surgical treatmnent. The assessment of their operability based on criteria previously describeds for ventricular septal defect can be difficult at tiiies. in sonie of these patients, a return to normality after repair of the defect is prevented by the persistence of pulmonary hypertension caused by pulmonary vascular disease. some patients with atrial septal defects. We are aware of the difficulties in the interpretation of calculated vascular resistance; nevertheless, the data support the concept that pulmonary arterial pressure may indeed play a part in the regulation of tone in the pulmonary vascular bed ini some patients.
Material and Methods Eleven patients with atrial septal defects, ineluding 3 men and 8 women ranging in age fronli 25 to 51 years, all of whom had pulmonary arterial systolic pressures in excess of 60 mm. Hg, were studied at intervals of 3 to 34 months after closure of the defects. All defects were repaired by the atrial-well technic of Gross,9 as modified by Kirklin and associates.10 All patients were studied preoperatively in this laboratory by the cardiac-catheterization technic previously described.11 At this time, pulmonary and systemic blood flows were determined by the Fick method. Pulmonary pressures were measured and resistances were calculated according to standard formulas.12 In 9 instances, the observations were repeated while the patients breathed oxygen. 4 At the postoperative study, all 11 patients were found to have had complete repair of the defect. Pulmonary arterial pressures and pulmonary arterial "wedge" pressures (9 patients) were obtained, and the pulmonary blood flow was measured by the Fick method and in 1 case also by the indicatordilution technic,13 with indocyanine green as the indicator. The dilution curves were recorded by means of a euvette oximeter that was calibrated in terms of response to the concentration of dye after the study. The response to exercise in the supine position with an "exercycle" was determined as previously described.'4 Attempts were miade to obtain more than one level of pulmonary arterial pressure in 2 patients by changing the speed at which the exercycle was rotated, thus varying the level of work.
Results

Preoperative Hemodynamic Status
The ratio of pulmonary to systemic blood flow was less than 1.75 in 7 of the 11 patients ( after closure. Likewise, the pulmonary blood flow declined in every instance from an average of 7.9 to 4.9 liters per minute ( fig. 1 ).
Direct measurements of left atrial pressure were not obtained uniformly before operation. The relationship of mean pulmonary arterial wedge pressure (postoperative) to mean right atrial pressure (preoperative) suggests an increase in mean left atrial pressure after operation ( fig. 2) . In 3 patients, wedge pressure was obtained at the preoperative study, anid it exceeded the right atirial pressure by 2 to 4 mm. Hg.
Among the patients xvith increased resistalnce, excepting case 2, the total pulmonary resistance declined from an average of 620 dynes seconds cm.-5 before repair to 440 dynes seconds em.-5 after operation, while the pulmonary vascular resistance declined to a. greater extent, the average values for the latter being 510 before operation and 230 after repair ( fig. 3 ).
Response to Breathing 100 Per Cent Oxygen
In the preoperative study, the effect of breathing 100 per cent oxygen was determined in 9 of the 11 patients, as already noted. Seven of these 9 patients showed a significant decrease in pulmonary vascular reqq!) 12 Change in "left atrial" pressure after closure of atrial septal defects. In all cases, the mean postoperative pulmonary arterial wedge pressure exceeded the preoperative mean right atrial pressure, the average difference being 6 mm. Hg. monary resistance and pulmonary vascular resistance are shown in figure 7 , in which increases in total pulmonary resistance and pulmonary vascular resistance of 27 and 60 per cent, respectively, were obtained.
Discussion
The patients in this study had atrial septal defects with a significant increase in pulmonary arterial pressure and with pulmonary blood flows that were in excess of systemic blood flows. After accepting the hazard of operation and surviving it, with complete closure of the defects, they returned for reevaluation by cardiac catheterization not less than 3 months after closure.
As anticipated, the physiologic responses of the pulmonary vascu'ature differed widely among these patients, since the factors initiating and accelerating pulmonary vascular changes probably are varied. In 1 patient (case 2), a 27-year-old woman who was studied 3 months after operation, the pulmonary arterial pressure remained virtually unchanged. At a similar pressure, a lesser quantity of blood was being driven through the pulmonary vessels. This patient showed perhaps a slight increase in pulmonary vascular resistance. In the remaining patients, however, the decrease in pulmonary blood flow was proportionately less than the decrease in both mean pulnmonary arterial pressure and the difference between pulmonary arterial and left atrial pressures.
Conelusions regarding the behavior of the pulmonary vascular bed in these patients de an increase in outflow pressure. A definite increase in left atrial pressure was demonstrated clearly in cases 1 and 4. In the remainder, the apparent increase in the postoperative wedge pressure over the preoperative right atrial pressure by an average of 5 mm. Hg might suggest a true increase ill pulmonary venous pressure. However, a difference of similar magnitude was noted preoperative&y in cases 6, 7, and 10 and in a bigger group of patients in whom large atrial defects were found.18 A decrease in arterial pressure tends to diminish transmural pressure in the precapillary segment, and an in- crease in left atrial pressure would tend to increase it in the posteapillary segment. In the normal pulmonary vascular bed, in which the capillaries, venules and veins may be of an importance that is equal to or greater than that of the arterioles in determining resistance to flow and probably have widely differing distensibilities, one would have difficulty in deterinining whether a chanige in resistance could be caused by a change in pulmonary venous transmural pressure.
In these patients, however, as in the great majority of those with congenital heart disease and pulmonlary hypertension, much evidence of both hemodynamic and histologic nature indicates that most of the resistance to flow resides in a particular set of vessels, namely the arterioles and sliall muscular arteries. The average pressure in these vessels will be approximately midway between pulmonary arterial and pulmonarv venious pressures, and by far the greater part of the total decrease in pressure to left ventricular diastolic levels takes place across them. From the data, it is seen that the average intravascular pressure at the level of the arterioles decreased in all our cases, and the change in left atrial pressure makes no difference in this conclusion. The values for resistance, however, indicate that the caliber of the vessels is unchanged or perhaps increased. The only explanation that appears possible is that the tone in the walls of the pulmonary vessels declined or that organic changes in these vessels resolved.
Circulaztion, Volume XXII, November 1960 That vasoniotor tone may play a part in this process can be concluded from the comparison of pulmonary vascular resistance at rest and during exercise in the postoperative studies. Exercise produced a considerable increase in mean pulmonary arterial pressure and a slight to considerable increase in left atrial pressure. Both precapillary and postcapillary transmural pressure increased. It appears that the resistance during exercise either reinains unchanged or, more frequently, increases slightly. The Le constatationes in iste studio se trova in congruentia con le conception que le nivello de tension intra le arteria pulmonar es un del factoies que eintra in le regulation del grado de tono vasomotori in iste vasos a normal.
